Aim: This research was conducted to evaluate the molluscicidal and mosquitocidal efficacy of silica nanoparticles in the eradication of the larvae and pupa of malaria and filariasis vector as well as vectors of rift-valley fever virus (Culex pipiens); Schistosoma mansoni vector (Biomphlaria alexandrina (snail and egg masses)).
Introduction
Culex pipiens is the common house mosquito. It serves as a vector of several diseases, including St. Louis encephalitis virus, West Nile virus, and rift valley fever. It causes insect worry and filariasis by Wuchereria bancrofti in humans [1] ; also it transmits Dirofilaria immitis and Dirofilaria repens (dirofilariasis) to dogs [2] .
Schistosomiasis is a widespread parasitic disease affecting more than 200 million people worldwide [3, 4] . It is an important disease in Egypt; the disease is transmitted through widely spreading intermediate host Biomphalaria alexandrina [5] . One of the control studies to combat schistosomiasis is to destroy the vector life cycle in endemic areas through control of the snail's population [6] .
A few years ago; uses of synthetic insecticides in modern agriculture production, promote the wide spread of environmental contamination, toxicity to human food as well as resistance was developed and hazardous to human health [7] . Hence, controlling of insect required a modern technology of fewer hazards to human health with no residues in their food and less resistance to organisms.
Nanomedicine is a new promising field study for scientists in veterinary technology which deals with production and use of materials ranging in nanometers of different size and shapes. Research and development are now focusing on applications of these nanomaterials on human health (drug delivery, cancer therapeutics, catalysis, and larvicidal against parasite); this leads to a production of the new biocidal agent against some parasites [8] .
Nanosilica was reported to have a potential as a drug delivery for medical and veterinary diseases as pesticides. International Agency for Research on Cancer [9] decided that amorphous silica is not regarded as carcinogenic materials unlike crystalline silica [10] .
The present study is a trial to characterize the selected hydrophilic nanosilica particles (NSPs) using transmission electron microscope (TEM) followed by an evaluation to the molluscicidal and mosquitocidal efficacy of these particles versus B. alexandrina snail Available at www.veterinaryworld.org/Vol.10/September-2017/6.pdf and their egg masses as well as versus larvae and pupa of C. pipiens under controlled laboratory conditions.
Materials and Methods

Ethical approval
This research was approved by the Scientific Research Ethical Committee, Faculty of Veterinary Medicine, Cairo University.
Silica nanoparticle
Silica nanoparticles 99% purity were purchased from Nanotech (Egypt); characterized using TEM; imaging was performed using a Jeol-JEM Japan 2100 operating at 80 KV. The sample was sonicated in ethanol and deposited onto copper coated carbon grid and left to evaporate. Finally, the specimens were examined and photographed [11] at Faculty of Agriculture, Cairo University, Egypt.
Mosquito rearing
Eggs of C. pipiens were obtained from the Medical Research Institute of Insects, Giza, Egypt. The eggs were floated on dechlorinated tap water in suitable plastic aquaria (40 cm × 60 cm × 10 cm) at room temperature (26±1°C) to developed into the first larval stage [12] . Larvae were reared in the same aquarium, and the required number and stage of development (larvae-pupa) were selected and exposed separately to the tested chemicals.
Tested snails
B. alexandrina snails were collected from irrigation canals at Abu Rawash locality, Giza governorate. The snails were identified by Chrsistensen et al. [13] . They were maintained in the laboratory conditions at room temperature (26±1°C) in dechlorinated tap water, fed with fresh lettuce leaves with daily cleaning for at least 7 days before being used in the experiment. The aquaria were supplied with clean cellophane sheet for collection of the deposited snail egg masses. Snails were screened for natural infection with trematode larvae [14] . Medium size trematode free active snails were separated and being used for screening the molluscicidal activity of nanosilica (NSP). Moreover, early deposited and pre-hatched intact embryonated snail egg mass on cellophane sheet were selected for exposure.
Bioassay test
The larvicidal activity was assessed by the WHO [15] with little modification. Molluscicidal activity was evaluated according to the WHO immersion technique [1] with slight modifications. The experiments were carried out at a room temperature at 26±2°C and pH 7.4 with a photoperiod of 14 h/10 h (light/dark). Efficacy of the tested NSP was evaluated on C. pipiens (early 2 nd larvae, pupa) and B. alexandrina (snails, non-embryonated, and embryonated egg masses). Each stage was exposed separately in four replicates (25 agents each) in 100 ml glass jar. A preliminary evaluation of the effect of NSP has applied on B. alexandrina and C. pipiens larva as they were exposed to upgraded concentrations of NSP as 50, 100, 200, 400, 600, 800, 1000, and 1200 ppm, each for 24, 48, and 36 h exposure time in dechlorinated tap water. Concentrations which were induced as 50% mortalities or above were rescreened at the lower exposure times (3, 6, 12, 24 , and 48 h) to determine the minimum exposure periods causing considerable mortalities in the exposed stages. Lethal concentration (LC 50 ) and LC 90 were determined from all the previous trailers. LC 100 of copper sulfate (30 ppm) and that of temephos (0.04 mg/L) were used as reference molluscicides and mosquitocides [14, 16] . Their concentration and exposure time were obtained according to the manufacture guidelines.
Evaluation of mortalities
At the end of each exposure period, the chemicals were removed, and the stages were washed several times by dechlorinated tap water, transferred to clean beakers and kept under observation for the evaluation of mortality percentage 24 h post-exposure [17] . Mortality in snails was checked using the crushing technique (5% sodium hydroxide solution) [1], snails were considered dead if they remained motionless and did not respond to the presence of food. The efficacy was estimated from the mean mortality of the four replicates [10] . The designed curve between mortality % in relation to the tested silver nanoparticle concentrations and exposure time was used to calculate the LC 50 and LC 90 according to probit analysis [18, 19] . The experiments were conducted simultaneously; control larval, pupa, and snails tested in dechlorinated tap water and run with each experiment.
Statistical analysis
Data were analyzed with SPSS version 21, with confidence intervals 95% determined by probit analysis [19] . LC 50 and LC 90 values were calculated through drawing a transverse line pass from probit 0.5 in the y-axis, then move down to the x-axis and find the log concentration.
Results
TEM image of the used silica nanoparticles ( Figure-1 ) proved that they are spherical in shape with the size range of 80 nm in diameter. Exposure of C. pipiens larvae and B. alexandrina snails to different concentrations of the tested hydrophilic NSP revealed their ability to induce mortalities in the exposed stages in comparison with the control stages in dechlorinated tap water. There is a direct relationship between the mortality of the mosquito and snail with increasing concentration and the exposure time for NSP solution. Concerning the preliminary part of the study (Table-1) , the concentrations <50 ppm did not cause mortalities in the exposed stages. Mortalities in C. pipiens larvae start as 21±0.3% after exposure to 50 ppm/24 h. This effect increases with time versus the same concentration as it reached to 32±0.36% after 36 h exposure. With increasing of the particle concentration to 200 and 400 ppm, their mosquitocidal effects increased from 48±0.4% and 68±0.43% after 24 h to 66±0.43% and 87±0.37% after 36 h exposure for both concentrations, respectively. After increasing the concentration to 1000 and 1200 ppm this effect increased to 80±0.27% and 82±0.34% after 24 h exposure then reached to 100% after 36 h exposure time (Table-1) .
The tested NSP proved lower molluscicidal effect versus B. alexandrina snails than that previously recorded versus mosquito larvae. The molluscicidal effect appears as 18±0.21% after 24 h exposure increased to 28±0.34% with increasing the exposure time to 36 h versus 50 ppm NSP concentration. Increasing the concentration to 200 and 400 ppm reflects an increase in the mortalities of the exposed snails from 38±0.35% and 63±0.37% after 24 h to 61±0.31% and 82±0.40% after 36 h exposure for both concentrations, respectively. Increasing the concentration to 1000 and 1200 ppm cause increasing in their detritus effect on the exposed snails to 76±0.49% and 79±0.38% after 24 h exposure then reached to 100% after 36 h exposure time ( Table-1) .
Concerning the effect of NSP versus C. pipiens larvae and pupae, the data ( Table- 2) revealed that pupae appear less sensitive than larvae versus these particles. Exposures to high dose (1200 ppm) for 3 h induce low mortalities reached to 32±0.34% in larvae and 18±0.35% in the exposed pupa. Mortality percentages reached to 55±0.48% and 51±0.41% after exposure to 600 ppm for 6 h in larva and pupae, respectively. This effect increased to 59±0.39% and 55±0.33% after increasing the exposure time to 12 h for both stages, respectively. The maximum mortalities recorded in the exposed pupae 91±0.52% after exposure to 1200 ppm for 48 h (Table-2) .
Nanosilica concentrations which proved considerable molluscicidal effects versus the exposed B. alexandrina snails during the preliminary part of the study ( Table-1) were re-evaluated versus non-embryonated and embryonated B. alexandrina egg mass as well as the snails using lower exposure time (Table-3 ). NSPs at 1200 ppm concentration failed to cause mortalities on freshly deposited egg masses during exposure of 3 h, while the first effect on egg embryo was recorded using 1000 ppm for 6 h and these conditions killed only 10±0.25% of the exposed embryos. Increasing the exposure time to 24 h revealed that B. alexandrina snail was affected (69±0.43%) followed by prehatched embryonated egg masses (45±0.43%), while mortalities increase in fresh embryonated egg masses as (85±0.32%) with increasing the NSP concentrations to 1200 ppm (Table-3) .
Using the mortality curve ( Figure-2) , the LC 50 and LC 90 for different exposed stages could be calculated as described in Table-4 . LC 50 for C. pipiens larvae and pupa was 350 ppm/24 h and 680 ppm/6 h, while their LC 90 was 1400 ppm and 1300 ppm/24 h, respectively. LC 50 for the exposed B. alexandrina snails, their non-embryonated egg masses and embryonated pre-hatched one were 590 ppm/6 h, 1400 ppm/24 h, and 1450 ppm/12 h, respectively. Their LC 90 were 980, 1890, and 1250 ppm after exposure to 48 h, respectively (Table-4 and Figure-2 ).
Discussion
Among the most promising advances in the field of drug development is discovering new molecules or novel uses of the already available compounds with known safety and with minimum side effects. Development of molluscicidal, insecticidal and pesticidal substances of botanical origin may serve as suitable alternatives to synthetic ones [10, 20] . Nanosilica is one of the most spreading materials on earth; it possesses a highly adhesive property to a cell membrane so can affect membrane structures. Furthermore, this nanosilica can be absorbed by phospholipid present in cuticle of the larval instar by physisorption and lysis so cause death to insects [21, 22] .
In this study, hydrophilic NSP was selected and identified by TEM to appear spherical in shape with a size range of 80 nm in diameter. This size proved that they are able to adhere and absorb by the surface of target agents inducing mortality [22, 23] .
The tested NSP revealed that they had mosquitocidal and molluscicidal efficacy starting from 50 ppm. There is a direct relation between the severity of these effects with the increase in concentration and the exposure time for these NSP solutions. Increase in the efficacy with increasing the concentrations and exposure time [10, 22] with increasing the particle concentration to 200 and 400 ppm; their mosquitocidal effects increased from 48±0.4% and 68±0.43% after 24 h to 66±0.43% and 87±0.37% after 36 h exposure for both concentrations, respectively. After increasing the concentration to 1000 and 1200 ppm this effect increased to 80±0.27% and 82±0.34% after 24 h exposure then reached to 100% after 36 h exposure time.
Concerning the molluscicidal effect of the tested NSP, the effects increase also with increasing the concentration and exposure time as 200 and 400 ppm, reflects an increase in the mortalities of the exposed snails from 38±0.35% and 68±0.37% after 24 h to 61±0.31% and 82±0.40% after 36 h exposure for both concentrations, respectively.
The ability of the tested NSP to cause mortalities in both larvae, pupae, and snails may be related to this suggested mode of actions [10, 22] as NSP can be absorbed by phospholipid found in cuticle of larval instar by physisorption and lysis so cause death to larval insects [10, 22] . For this reason; their effect was high as the exposed tegument is thin. Hence, this study proved that the mortalities were high in larvae than in pupa. In our opinion, decreasing the mortalities in the exposed snails than larvae in the same exposure conditions may be related to the musculature nature of the snail foot, moreover B. alexandrina has narrow aperture, and it is able to withdraw and contract its [24] .
Concerning the effect of NSP on B. alexandrina egg masses, the present study revealed that LC 50 was 590/6 h versus non-embryonated eggs and it was 1400/24 h versus embryonated pre-hatched one. Moreover, LC 90 was 980/48 h and was 1890/48 h for both stages, respectively. In the author's opinion, this variation in the molluscicidal effect was related to the nature of structure materials of the egg masses ootheca. The ootheca is hyaline material able to protect the embryos during the period of development [18] with prolonged immersion in water, and due to movement of the developed snail embryo inside, it was liquefied and became thinner that facilitate the escape of the embryo from the ootheca. The high mortalities in embryonated eggs after exposure to NSP than that recorded in fresh non-embryonated eggs was related to the changes in the nature of ootheca with time. While Fahmy et al. [18] found the sub-lethal dose of zinc oxide nanoparticles against B. alexandrina LC 50 and LC 90 as 145 and 2700 µg/ml. It was reported that zinc oxide NPs showed molluscicidal activity against this snail induce malondialdehyde and nitric oxide with decreasing of glutathione and glutathione S-transferase levels in hemolymph and soft tissues so the death of this snail [18] .
Conclusion
The present study demonstrated that hydrophilic NSP can used as effective mosquitocides versus C. pipiens larvae when applied for 24 h at concentrations ranged between 350 and 1400 ppm or at concentration ranged between 200 and 500 ppm when applied for 36 h exposure time, so, controlling of the serious viral diseases that could be transmitted by such vectors. Moreover, it can act as effective molluscicidal versus B. alexandrina and their egg masses at a dose of 590 ppm after exposure to 6 h. Successful using of NSP in control of aquatic stages of vector-borne parasitic disease open new field for combating these dangerous parasites and avoided the resistance recorded from successive chemical application in this field.
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